(about 150 square metres per gram), which maximizes catalytic performance.
The main hydrogenation reaction studied by the authors was the conversion of 1-hexyne to 1-hexene, in which carbon-carbon triple bonds are selectively converted to double bonds, but not further to single ones. Such selective hydrogenations have conventionally used a Lindlar catalyst 15 , which consists of nanoparticles of a palladium-lead compound 16 on a calcium carbonate support. The authors' single-atom palladium catalyst enables much higher yields and faster reactions than either a Lindlar catalyst or hydrogenation catalysts based on nanoparticles of platinum or gold 17 . It also yields 1-hexene with greater than 99% selectivity. Moreover, after repeated use (five successive tests), the catalyst displays no decrease in selectivity nor in the fraction of 1-hexyne converted to 1-hexene. Finally, Vilé and colleagues report that their singleatom catalyst enables the hydrogenation of nitro benzene to form aniline exclusively. This kind of reaction is used to make compounds for the dyestuffs industry and key intermediates in the manufacture of agrochemicals and pharmaceuticals.
Single-atom solid catalysts are of considerable interest, from both a practical 9, 18, 19 and a theoretical 20 perspective, not only because selective hydrogenations are among the most valuable conversions in industrial chemistry, but also because these reactions are atom efficient 7 : the minimum number of atoms is used in each reaction, reducing waste. Such catalysts can also be used for other reactions. For example, recent work 18 shows that single atoms of platinum function as atom-efficient catalysts for the water-gas shift reaction, which is used to generate pure hydrogen for the synthesis of ammonia. Single-atom platinum catalysts have also been used for the selective hydrogenation of nitroaromatic compounds 9 . Readily prepared single-atom platinum catalysts 9 supported on iron oxide (FeO x ) have been reported to be much more active, selective and durable than analogous nanoparticle platinum catalysts. Remarkably, single atoms of platinum supported on FeO x are chemoselective in the hydrogenation reactions that they catalyse -that is, they can discriminate between two or more regions of a molecule that could potentially react with hydrogen. For example, the catalysts convert nitro groups (NO 2 ) to amino groups (NH 2 ), but leave carbonyl groups (C=O) and benzene rings untouched. In one such reaction, a singleatom platinum catalyst displayed a turnover frequency (the number of reactant molecules converted to product per unit of time) of 1,500 per hour, which is 20 times as high as the previous best result reported in the literature. The selectivity for the substrate of that reaction was about 99%, the highest reported for any PGM catalyst.
The future looks bright for the use of PGMs 
EVOLUTIONARY BIOLOGY

Perplexing effects of phenotypic plasticity
Research on guppies provides evidence that phenotypic plasticity -an organism's ability to alter its characteristics in response to changes in the environment -can both constrain and facilitate adaptive evolution. See Letter p.372
J U H A M E R I L Ä
A ltered or new environmental conditions, such as those brought about by climate change, are important sources of selection pressures that drive organismal adaptation and evolution. But alongside genetic adaptation, organisms can respond to environmental challenges through adaptive phenotypic plasticity, which refers to a non-genetic shift in the average characteristics (phenotype) of a population towards an evolutionary optimum. Whether phenotypic plasticity generally facilitates or constrains adaptive (genetic) evolution remains a contentious issue [1] [2] [3] [4] . On page 372 of this issue, Ghalambor et al. 5 provide experimental evidence from guppies suggesting that adaptive phenotypic plasticity in gene-expression patterns constrains evolution. But they also find that non-adaptive plasticity -phenotypic changes that do not directly contribute to increased fitness under the changed conditions -may facilitate adaptive genetic change by increasing the strength of natural selection.
The authors' experiments involved transplanting wild Trinidadian guppies (Poecilia reticulata; Fig. 1 ) from a stream that also hosted predatory cichlid fish into two replicate streams without cichlids. They then compared patterns of brain gene expression between the introduced and original (ancestral) populations after three or four generations. Parallel changes in gene expression had occurred for 135 genes in the two introduced populations, and these new levels of gene expression were similar to those exhibited by a native cichlidfree population. This suggested rapid adaptive evolution in the introduced populations.
However, the evolved differences were mostly (89% of the genes) in the opposite direction to that of phenotypic plasticity in expression patterns in the ancestral population. This was inferred by comparing the gene expression in ancestral fish reared in either the presence or absence of chemical cues from predatory cichlids. Thus, the phenotypic plasticity in these genes can be considered non-adaptive. The remaining 11% of genes exhibited adaptive plasticity -the evolved differences in gene expression in the experimentally introduced populations were concordant with the direction of change of expression levels in ancestral fish raised in the absence of predatory-fish cues. The authors also observed that there was little or no population divergence in the expression of these genes in either of the introduced populations.
The latter findings support evolutionary models predicting that adaptive phenotypic plasticity should weaken the strength of directional selection and thereby slow the rate of evolution (see refs 6 and 7 for examples). However, the real stunner of the study was the discovery that most of the evolved (genetic) differences in gene-expression patterns in the introduced guppy populations had taken place in the opposite direction to the direction of plasticity in the ancestral population. This inverse relationship between the direction of plasticity and the direction of adaptive evolution suggests that nonadaptive plasti city may facilitate (in the authors' words, potentiate) evolution by increasing the strength of directional selection required to create the observed divergence in geneexpression patterns.
The authors obtained support for the hypothesized increase in directional selection against non-adaptive plasticity by examining evolutionary changes in the magnitude of plasticity (quantified as the mean difference in expression levels of gene transcripts in the predator-cue-treated groups) between ancestral and introduced populations. Although phenotypic plasticity is, by definition, a non-genetic response to environmental cues, the capacity to express it, and its magnitude, can be genetically variable 1, 4 . Consequently, if directional selection had acted most strongly on gene transcripts exhibiting non-adaptive plasticity, then the magnitude of plasticity in introduced populations in response to this selection should be reduced. This was just what Ghalambor et al. observed. Moreover, the decline in the magnitude of plasticity in the introduced populations was inversely proportional to plasticity in the ancestral population. This also aligns with the expectation that transcripts exhibiting the greatest non-adaptive plasticity should be the ones that are most strongly selected against.
Although the findings that phenotypic plasticity can both constrain and facilitate evolutionary (genetic) adaptation are not unprecedented, several features of Ghalambor and colleagues' study set it apart from earlier work on this topic. For instance, instead of focusing on a limited number of traits, the authors assessed the plasticity of a large number of traits (expressed genes), which allowed them to draw robust quantitative conclusions. Nevertheless, a question to be addressed is whether results from gene-expression analyses can be extended and generalized to macroscopic traits that have more-direct ecological relevance. Similarly, most previous empirical studies that focused on the direction of plastic responses and the direction of subsequent evolutionary divergence in wild populations have been limited to comparisons between ancestral and derived populations long after they diverged. The new study's focus on initial patterns of plasticity and subsequent rapid adaptive divergence in the wild provides a thought-provoking complement to laboratory experiments that have provided evidence supporting both positive (adaptive) 8, 9 and negative (non-adaptive) 10 relationships between the directions of plastic responses and evolution.
Ghalambor and colleagues' results are also intriguing because most (but not all) attempts to model the effects of plasticity on subsequent evolution have assumed it to be adaptive. Thus, the observed negative relationship between the direction of plasticity and the direction of evolution in guppies may guide future theoretical work in the field. Furthermore, although increased strength of selection caused by non-adaptive plasticity may contribute to rapid adaptation and increase the likelihood of population persistence, it may also lead to reduced population size and an increased risk of demographic collapse 3 . By reducing population size, selection stemming from non-adaptive plasticity may expose a population to an increased rate of random genetic changes owing to a process known as genetic drift. This would in turn propagate loss of genetic variation and reduced efficiency of selection, counteracting the proposed benefit from non-adaptive plasticity.
As fascinating as it is to suggest that maladaptive plasticity may be a strong driver of evolution, sceptics may require further experimental studies from the wild with more population replicates and with a focus on traits with established ecological relevance (such as behaviours and morphology) to be convinced. Such studies would also be helpful, if not essential, in developing parameters for models that aim to understand how the interplay between phenotypic plasticity, natural selection and random genetic drift influences evolutionary changes. ■ 
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